The activity of analyzing personality of software developers has been a topic discussed by many researchers over the past few years. However, their relation to software metrics has hardly been mentioned in the literature. This work aims to identify the influence of human personality on quality of software products. At first, a psychological test was performed using the Big Five model for a set of developers working in industry and, subsequently, object-oriented software metrics were applied to individual software developed by members of the same group. As a result, it was evidenced, through statistical analysis, that the factors Consciousness, Neuroticism and Openness to Experience have a significant relationship with the Cyclomatic Complexity metric. In addition, factors Extroversion, Agreeableness and Neuroticism have significant relation with metric Coupling between Objects. In another analysis, taking into account ideal average values for each software metric, it was evidenced that Extroversion and Neuroticism factors have a significant relationship with metric Depth of Inheritance Tree. Extroversion and neuroticism were the only factors that obtained a significant relation with software metrics in the two proposed analyzes. Therefore, additional studies are needed to determine any deeper connection between personality and software quality.
INTRODUCTION
Modern organizations are increasingly concentrating their efforts on creativity and innovation as they strive to remain competitive considering the pace of changes in industry (Varona et al., 2012) . Considering this scenario, managing the software development process has become a difficult and complex task, where activities require diverse competencies from developers. Creativity and short-term to meet goals need to be balanced throughout process.
Qualification of software professionals is not enough to guarantee that the project will be successful to its end (Brooks Jr, 1995) (Varona et al., 2012) . This assertion comes from the fact that, every day, developers are under pressure to deliver faster results. Thereby, external factors to their technical skills may influence the quality of their work products.
Among several non-technical factors that may impact daily work of a developer, the approach on human personality traits is the result of a historical concern, given that relevant researches on the personality of software developers have been published since the 1980's (Bartol and Martin, 1982) , (Varona et al., 2012) , (Salleh et al., 2012) , (Kanij et al., 2015) (Gulati et al., 2016) . In most surveys, attempts are made to identify the relationship between emotional, motivational, and behavioral patterns and the software development environment.
In this paper, we take into account two concerns. First one considers software quality, because the difficulties of developing, maintaining and deploying software have been studied extensively over the years. One of the main focus of studies is software metrics for object-oriented (OO) programming paradigm (Berry, 2004) , (Boehm, 2006) , (Wirth, 2008) , (Kitchenham, 2010) and (Johari and Kaur, 2012) . The second concern is with non-technical attributes, more precisely the personality of the developer, since there are results that show the influence of personality in activities of software development (Varona et al., 2012) , (Salleh et al., 2012) , (Kanij et al., 2015) and (Gulati et al., 2016) .
Based on this contextualization, the objective of this work is to perform an analysis in software repositories that use an object-oriented programming language, in the software industry, to describe evidence of developers' personality influences on their source code quality. Software quality was measured by applying OO metrics to software developed in C# language (Cod, 2016) , and developer personality was analyzed using the Big Five model (Kanij et al., 2015) .
Results were analyzed to evidence the influence of developer personality on the software developed by each developer.
RELATED WORKS
Several works have considered an association between the Big Five model and Software Engineering. The Big Five model has gained prominence in Software Engineering research and has been applied at both individual and team levels (Gomez and Acuna, 2007) . It has been common for researchers to use the Big Five model to analyze cooperation between software developers and to examine pair programming (Chao and Atli, 2006) (Hannay et al., 2010) (Salleh et al., 2011) . These studies showed a contradiction in the influence of personality in relation to performance. While Salleh et al. (Salleh et al., 2011) claim that certain personality traits, such as satisfaction, significantly affect developer performance, Chao et al. (Chao and Atli, 2006) and Hannay et al. (Hannay et al., 2010) did not find any statistical correlation showing evidence of this influence.
Gulati et al. (Gulati et al., 2016) performed a study on the relationship between personality and performance of software engineering students and found no positive evidence.
To the best of our knowledge, no further studies were found in the literature that correlate the Big Five model with the application of object-oriented software metrics to measure the quality of software. Only one work that deals with quality of software was found, but the authors considered group evaluation (Gomez and Acuna, 2007) , not individual developers as performed in this paper. The authors of this article carried out a study involving software quality (Barroso et al., 2016) , but with the MBTI Model (Myers et al., 1998) .
Among the related works, we identified points of intersection between our work and previous works, as described in the following subsections.
Empirical Study of How
Personality, Team Processes and Task Characteristics Relate to Satisfaction and Software Quality
In 2007, Gomez and Acuña (Gomez and Acuna, 2007) analyzed the relationships between personality, task characteristics, product quality and satisfaction in software development teams. Within their study, they collected data from a sample of 35 student teams (105 participants) from a Spanish university. These teams used eXtreme Programming (XP) to develop the same software product. They found that the most satisfied teams at work are precisely those whose members scored higher for the affability and awareness factors of the BigFive test. Levels of satisfaction are higher when members can decide how to develop and organize their work and fall down when there are more conflicts between team members. They also came to conclusion that extroversion should be considered as a valid predictor of software quality for software development in an agile methodology because the high interaction among team members is essential for this method of development. According to them, all participants could be classified as project managers and they all were responsible for the success or failure of the product developed. In addition, they concluded that traits such as sociability, loquacity, communicability, friendliness and openness seem to be conducive to the development of high quality software as well as to the satisfaction of team members.
In their work (Gomez and Acuna, 2007) , the authors measured software quality through analysis of source code and project documentation. The following equation was used: Grade = (((Modularization * 2 + Testability * 2 + Functionality * 2 + Reusability * 2 + Style * 2) / 4) * 0.8) + ((Participation * 10 / 4) * 0.2)) For our work we take into account the statistical analysis performed by the authors and involving the factors of the Big Five model. In contrast we evaluated quality of software in the context of information systems developed by a single developer in an industrial environment. We use object-oriented software metrics to measure software quality.
Investigating the Effects of Personality Traits on Pair Programming
In 2012, Salleh et al. (Salleh et al., 2012) carried out a set of three experiments to investigate the effect of the Big Five factors in the context of students from a university in New Zealand, in order to investigate the influence of these factors considering programming in pairs.
The results showed that Conscientization and Neuroticism did not present a statistically significant effect on academic performance of the evaluated students. However, Openness to Experience played a significant role in the academic differentiation of students in the field of pair programming.
The tool for performing the psychological test used by the authors was also used in our study.
An Empirical Investigation of Personality Traits of Software Testers
In 2015, Kanij, Merkel and Grundy (Kanij et al., 2015) researched whether the personality of a software tester differs from personality of the other professionals involved with the software development process. They used the BigFive model and have concluded, through statistical testing, that testers have higher levels of Conscientiousness compared to other developers. The authors themselves report that the work has a strong threat to validity that is related to comparison of Australian testers with testers from other countries, since, in Australia, they used specific test tools. In order to mitigate this problem, our experiment was performed in an industrial environment and used object-oriented software metrics widely published in the literature. These metrics measure software quality through mathematical calculations that are geographic independent.
Finally, this work has helped us to identify statistical relationships we could make between the Big Five factors of developers and the quality of software produced by them.
METHODOLOGY
First we performed a review of the literature, with systematic approaches, with the purpose of identifying the state of the art of research on the use of the Big Five model to identify personality and its relationship with developers in the industrial environment. Then, a controlled experiment was conducted, which involved the execution of a Big Five psychological test and the extraction of OO metrics from software produced by the participants.
According to Wohlin et al. (Wohlin et al., 2012) , an experimentation is not a simple task as it involves preparing, conducting and analyzing experiments correctly. One of the main advantages of experimentation is the control of subjects, objects and instrumentation, which makes it possible to draw more general conclusions about the subject investigated. Other advantages include the ability to perform statistical analyzes using hypothesis testing methods and opportunities for replication.
Juristo et al. (Juristo and Moreno, 2013 ) also claim that scientific research can not be based purely on opinions or commercial interests. Scientific investigations are represented by studies based on observation and/or experimentation about real world and their measurable behaviors. These aspects were observed when preparing our experiment.
Summarizing, the experiment has 4 steps: (1) Execution of personality test by the participants; (2) Extraction of OO metrics from software produced by participants; (3) Data collection and; (4) Analysis of results.
THEORETICAL FOUNDATIONS
Developers and project managers often devote themselves to the latest programming languages, frameworks, modern processes or innovative tools, but in all cases they are the people who design software. Thus, the human aspects of engineering have as much to do with the success of a project as the technical attributes (Pressman and Maxim, 2014 ). When we talk about human aspects in computing, we also talk about human personality and its behavioral, emotional and motivational characteristics. Human personality encompasses psychological characteristics about an individual that helps to describe differences between people, how they interact, and adaptation to their social environment (McCrae and John, 1998) . Criteria by which people differ from one another are called psychological traits. Traits are representative factors for predicting one's own patterns of behavior, feeling, thinking, and related activities (Hannay et al., 2010) . From that point on, surveys indicate that software developers, analysts, and testers have different types of personalities and behaviors. Studies show that the skills required by a specific developer may be related to personality style and individual behavior.
Several studies have been developed seeking to identify personal characteristics that may influence performance at work. These characteristics can be identified through various personality tests. One of the most used indicator is the Big Five test. The next two subsections explains the Big Five model for tracing personality of software developers and evaluating software quality by means of object-oriented metrics.
Big Five Personality Model
The Big Five model was originally created in the 1970s by two independent research teams -Paul Costa and Robert McCrae (at the National Institutes of Health) and Warren Norman (at the University of Michigan) / Lewis Goldberg (At the University of Oregon) (Norman, 1967) -who have followed different paths to achieve the same results. According to the authors, most human personality traits can be reduced to five large dimensions regardless of language or culture.
The identification of these five dimensions was possible after the researchers conducted interviews with hundreds of questions to thousands of people and then analyzed data using as factorial analysis, which is used to reduce a large amount of information to a synthetic and relevant set (McCrae and John, 1998) (Norman, 1967) .
In scientific circles, the Big Five is one of the most accepted and used models to trace contemporary psychological personality. This model classifies human personality into five factors:
• Extraversion: relates to the degree of sociability, gregariousness, assertiveness, talkativeness, and activeness (Driskell et al., 2006) . A person is considered an extravert if he/she feels comfortable in a social relationship, if he/she is friendly, assertive, active, and outgoing;
• Agreeableness: refers to positive traits such as cooperativeness, kindness, trust, and warmth. A person who is low on Agreeableness tends to be skeptical, selfish, and hostile. A team that requires a high level of collaboration or cooperation can benefit from agreeable team members (Kanij et al., 2015) ;
• Conscientiousness: concerned with one's achievement orientation. Those who have a high score tend to be hardworking, organized, able to complete tasks thoroughly and on time, and reliable. On the other hand, low Conscientiousness relates to negative traits such as being irresponsible, impulsive, and disordered (Driskell et al., 2006 );
• Neuroticism: refers to the state of emotional stability. Someone low in Neuroticism tends to appear calm, confident, and secure, whereas a high Neuroticism individual tends to be moody, anxious, nervous and insecure (Driskell et al., 2006) . Neuroticism is also reported to be consistently related to self-efficacy (Schmitt, 2007) ;
• Openness to experience: describes intellectual, cultural, or creative interest (Driskell et al., 2006) . Someone who is high in Openness tends to appear as imaginative, broad-minded, and curious, whereas those at the opposite end of this spectrum usually show a lack of aesthetic sensibilities, preference for routine, and favouring conservative values (Schmitt, 2007) . According to Srivastava and Kumar (Srivastava and Kumar, 2013) , the five Big Five dimensions represent one's personality at the broadest level of abstraction and each dimension sums up a large number of distinct and specific personality traits. These traits are understood as a complete description of personality, are stable over a period of ten years and may vary between cultures (Kanij et al., 2015) .
Object-oriented Software Metrics
Software Engineering proposes several types of metrics that have been applied for measuring both the process and the software product. Among those who evaluate the product, one can cite metrics for the requirements model, for the source code and also for the project model.
For this study, object-oriented metrics were selected because they are often used by researchers in Software Engineering (Radjenović et al., 2013) , for example, to reduce failures (Fenton and Bieman, 2014) , in features such as maintainability, testability and comprehensibility (Olbrich et al., 2009 ), for maintenance of object-oriented software (Johari and Kaur, 2012) , and for refactoring forecast (Al Dallal, 2012) .
Another positive point is that, according to a systematic review (Radjenović et al., 2013) , the authors identified that object-oriented metrics were used approximately twice as much (49%) as other metrics.
As the proposed experiment was executed in an environment that uses Microsoft C# language, the metrics used in this work are compatible with C# projects. Several metrics can be calculated in a project developed in C#, using the Visual Studio platform, but according to Microsoft itself (Cod, 2016) , the following metrics are the most important: Depth of Inheritance Tree (DIT), Coupling between Objects (CBO), Cyclomatic Complexity (CC) and Maintenance Index (MI). Table 1 highlights the characteristics of the five metrics chosen for this experiment. 
DEFINITION AND PLANNING OF THE EXPERIMENT
In this and the next two sections, our work is presented as an experimental process following Wohlin et al. guidelines (Wohlin et al., 2012) . The focus of this section is to describe the goal setting and experiment planning.
Definition
The main elements of the experiment are the variables, the objects, the participants, the experiment context, the hypotheses and the experimental design type. With these elements, the objective is to carry out studies that may evidence the improvement of some development process. This improvement is related to the verification of theories formulated through hypothesis of the experiment. The objective of this work is to evaluate, through a controlled experiment, the influence of human personality on the quality of software. The experiment will target programmers working on a high education institution, with at least 2 years of industry experience and at least 1 year of programming experience using the object-oriented paradigm.
The objective of the experiment is formalized using the GQM model originally proposed by Basili (Basili and Weiss, 1984) : Object of study: human personality has influence on software development; Purpose: to evaluate the Big Five model for personality identification against the application of OO software metrics; Focus: software quality produced individually; Perspective: developers and software development managers; Context: industry developers working in a High Education Institution.
Planning

Research Hypotheses
Based on the premise that no studies associating the Big Five personality with OO software metrics have been found, sharing the same concern of (Gomez and Acuna, 2007) , which identifies that there is a broad field to be worked on in the relationship between personality and quality of developed software, the research items that need to be evaluated are: 1) Differences in personality traits do not affect quality of software developed by professionals; 2) Differences in personality traits do affect quality of software developed by professionals.
To evaluate these items, software engineering metrics will be used. Chosen metrics are: Depth of Inheritance Tree (DIT), Coupling between Objects (CBO), Cyclomatic Complexity (CC) and Maintenance Index (MI) (McCabe, 1976) .
With the objectives and metrics defined, the following hypotheses are considered:
• Hypothese 1 -H0DIT: Personality traits affect software quality for DIT metric. -H1DIT: Personality traits do not affect software quality for DIT metric.
• Hypothese 2 -H0CBO: Personality traits affect software quality for CBO metric. -H1CBO: Personality traits do not affect software quality for CBO metric.
• Hypothese 3 -H0CC: Personality traits affect software quality for CC metric. -H1CC: Personality traits do not affect software quality for CC metric.
• Hypothese 4 -H0MI: Personality traits affect software quality for MI metric. -H1MI: Personality traits do not affect software quality for MI metric.
Independent Variables
Independent variables of the experiment are described below.
• Big Five Personality Test
The goal was to conduct a psychological test with participants (Big, 2016) . The test was the same used in the related work of Salleh et al. (Salleh et al., 2012) . Test popularly known as Big Five has 120 questions with affirmations about daily activities of people. For each statement, the experimenter must answer at least one of the levels "Very Inaccurate", "Moderately Inaccurate", "Neither Accurate Nor Inaccurate", "Moderately Accurate" and "Very Accurate".
Test result indicates a score between 1 and 7 for each factor. Each factor has a mean population score and those who are above this score have strong characteristics of the factor evaluated (see Table 2 ).
For adopting ideal values for the five factors that we use in the work, we follow the values that correspond to the average of the population (Big, 2016) . Values are shown in Table 2 . To better understand, an individual has high characteristics for extraversion when he has a score greater than or equal to 4.44 for this factor.
• Object Oriented Software Metrics Metrics were collected using CodeAnalysis (Cod, 2016) , part of Microsoft's Visual Studio 2010, which is the object-oriented paradigm development environment used by the chosen institution. The stored code was on the TFS server (Team Foundation Server), which is a Microsoft application life cycle management collaboration platform (TFS, 2016) .
The chosen institution for experiment was identified as having all the prerequisites required to perform the tests: it had a well-defined development framework, using Microsoft Visual Studio, it had software developed by a single developer with controlled changes. An important point is that the target institution does not use tools that generate automatic source code, which could interfere in the results of the individual quality of the developers (Gomez and Acuna, 2007) .
For each software produced by the participants, the OO software metrics disposed in Table 3 were applied.
For adopting ideal values for the five metrics to be use at work, developers followed McCabe's guidelines (McCabe, 1976) and Bhasin, Sharma and Popli (Bhasin et al., 2014) , which define a set of "good", "regular" and "critical" values for each metric evaluated, as presented in Table 3 . 
Intervener Variables
We can highlight two variables that can influence results of the experiment:
• Developers' experience in the applied psychological test, though all have confirmed that they had never tested;
• Developers' commitment to respond the test.
Participants Selection
Participants are the individuals selected to conduct the experiment. They are responsible for informing parameters for the experiment, such as the value of variables. For our experiment, we took into account software implemented by a single developer, considering that analysis "personality X software quality" should be 1x1.
In this context, the versioning repository of the institution, by means of TFS (TFS, 2016) , is used to verify which developers fit the pre-established conditions. Twenty softwares were found that were developed by a single developer.
According to the software manager, we found out that among the twenty developers, fifteen were still working in the company. In order not to violate the principle of randomness and to avoid interference in the outcome of the experiment, all 15 participants performed the psychological test at one time (Shull et al., 2001) .
Chosen institution was interested in ascertaining the influence of developers' personality on quality of software, cooperating with the researchers and authors of this article, who are totally impartial, without having any demand, interest or preference.
Experiment Project
Experiment was designed so that all participants performed the psychological test Big Five (Big, 2016) . All 15 participants performed the experiment at one time to mitigate exchange of experiences between them.
Experimenters explained about psychological Big Five test and told the participants that they could ask for help for understanding the issues. Participants were placed in a computer lab at the institution selected. They did not talk to each other during the test period.
After the test was executed, the experimenters informed the participants that the Big Five test result would be associated with quality of software they had developed. Experimenters also reported that they had already collected the values of the software metrics. Participants were told that the results would be disclosed to the IT manager.
Instrumentation
Instrumentation process was initially performed with configuration of environment for the experiment and planning of data collection. This was performed in the computer lab of the selected Institution. The test was performed with people in their working environment, setting up an experiment in vivo.
The tools used were: Code Analisys, part of Visual Studio 2010, version 10.0.40219.1, coupled to the Microsoft . NET Framework, version 4.6.01055 (Cod, 2016) ; Team Foundation Server with last update on 26/09/2016 (TFS, 2016) ; Online tool for running the Big Five test (Big, 2016) .
EXPERIMENT OPERATION
In the following sections we will report on how the experiment process occurred, highlighting data preparation, execution and validation.
Experiment Preparation
The following steps were considered: Characterization Form-participants answered questions about formal training and work experience; Software Metrics Collection-experimenters collected objectoriented metrics from software developed by participants; Allocation of developers to respond to Big Five psychological test -the computers were already previously connected with link to run the test. Participants did not have to make any configuration; Feedback Form-Participants answered questions about the experience with the experiment, whether liked the test and whether think the test was effective in tracing the personality.
Experiment Execution
After preparation of the experiment and initial instructions, participants had had five minutes to settle in. Each participant had ten minutes to answer the characterization form. At this point, there was no doubt as to the interpretation of what was being asked.
All participants agreed that associating personality with software quality could be a positive point in the individual assessment of the developer. However, the participants were not informed about the exact hypotheses to be tested, avoiding the phenomenon Demand Characterization (Orne, 1962) . Data Collect Experimenters collected metrics from software developed individually by each participant. The experimenter copied the screen with each participant's Big Five test result. Upon completion of the test, the developer called one of the experimenters to copy the test response to a flash drive, identifying the file with the participant's name.
Results of the collected data are presented in the Results Analysis Section.
Data Validation
As support for analysis, interpretation and validation, two types of statistical tests were applied:
• Shapiro-Wilk test to verify the normality of the samples, since it is an indicated test for samples smaller than 30 (Shapiro and Wilk, 1965 ) (Boslaugh, 2012 ).
• Mann-Whitney (U Test) test to verify the level of relationship between Big Five psychological factors and OO Software Metrics, since we are dealing with two independent samples. This test is commonly applied for the analysis of psychological factors (Mann and Whitney, 1947)(MacFarland and Yates, 2016) . Another justification is that the related work of (Kanij et al., 2015) obtained satisfactory results using this test.
The statistical tests were performed using the R tool, created by the Foundation for Statistical Computing, version 3.2.2.
ANALYSIS OF RESULTS
In this section we will continue with the Analysis and Results Interpretation and with the Threats to the Validity of the Experiment.
Analysis and Results Interpretation
In this section we will discuss the results of the experiment.
Participants Analysis
All participants had proven experience in software development and were appropriately tailored to the C# development model used by the institution. Although the level of experience and the number of software maintained were different among participants, no specific training was required for development, since the metrics were taken from software that they had already developed and were already in use by the users of the institution. Figure 1 depicts the distribution of factors by each developer who performed the test. To better explain the distribution, note that the participant P1 scored 4 for the Extraversion factor, 5.5 for Agreeableness, 5.5 for Consciousness, 6 for Neuroticism, and 5 for Openness to Experience.
Results of Big Five Test
Comparing the participants, we can point out that participants P8, P10 and P15 are the least extroverted and participants P2, P7 and P13 are the most extroverted. Participants P2 and P9 obtained the lowest scores for the Neuroticism factor.
Factor Openness to Experience was the one that obtained less variation between the scores obtained by participants.
Software Metrics Values
Figures 2, 3, 4 and 5 represent the distribution of OO software metrics for softwares developed individually by each participant.
Taking into account Table 3 , which describes the quality levels acceptable in the literature for each metric, we can point out that all 15 participants maintained levels considered "good" for the Maintenance Index (Fig. 2) , Cyclomatic complexity (Fig. 4) and Coupling between objects (Fig. 5) .
Participants P3, P9, and P15 developed software with a level considered "good" for metric Depth of Inheritance Tree (Fig. 3) . In contrast, participants P4, P5, P7 and P8 are rated at a "critical" level considering the same metric.
Relationship between Big Five and OO Metrics
For analysis of results, we used conclusive statistical evidence. First, a significance level of 0.05 was set for the whole experiment, as well as the Shapiro-Wilk test (Boslaugh, 2012) was applied to verify if the samples have a normal distribution. Data are presented in Table 4 . From this point, we will analyze two different scenarios. In the first one, we will make the general relation of psychological factors with OO software metrics. In the second, we will make the relation taking into account the ideal values found in Tables 2  and 3 . For both scenarios, we will adopt a significance level of 0.05 and apply the Mann-Whitney test (U Test) to provide evidence of relationship between variables. In the first scenario, we provide relation of each factor individually with all collected software metrics, each value of Table 5 represents the level of significance (p-value) of the relationship between the psychological factor and the analyzed OO software metrics. These two scenarios will help comparing the results of our research with the results of related work.
In order to find evidence of the relation, p-value must be greater than the significance level 0.05. By observing Table 5 , one can observe that the level of significance is reached in the following relationships: In this first scenario, by adopting a general context, we can show that only the CC and CBO metrics are influenced by some Big Five psychological factors. Therefore, we can refute the null hypotheses H0MI and H0DIT and accept the alternative hypotheses H1CBO and H1CC.
In the second scenario, we take into account the level of scores of the psychological factors (Table 2) and the ideal levels of OO metrics. We perform an analysis in Figs. 2, 3, 4 and 5, and observe that met- Thus, after analyzing scenario 2 separately, there is evidence that respecting the ideal values for psychological factors and OO metrics, we can refute the H0DIT hypothesis and accept the alternative hypothesis H1DIT.
In summary, the analysis of results of the proposed experiment, in a first scenario, without taking into account the ideal levels of psychological factors and OO metrics, evidenced the influence of some Big Five factors over the metrics Cyclomatic Complexity (CC) and Coupling between Objects (CBO).
In a second scenario, by considering ideal levels as presented in Tables 3 and 2 , the analysis evidenced influence of the factors Extraversion and Neuroticism on the metric Depth of Inheritance Tree (DIT). A comparison between the two scenarios is depicted in Table 6 . Extroversion and neuroticism were the only factors that obtained a significant relation with software metrics in the two analyzes proposed.
Comparison with Related Work
In order to create a comparison with related works, we will analyze Table 7 . Table 7 : Comparison between related works and the two scenarios.
Factor
Our work T1 T2 T3 Scenario 1 Scenario 2 As discussed in Section on related works, authors Gomez and Acunã (Gomez and Acuna, 2007) , in work T1, found that the factors Agreeableness and Openness to Experience may be conducive to the development of software with high quality, remembering that they analyzed the project and not each metric individually. In our study, these two factors also had significant values. Agreeableness obtained significant relation in scenario 2 and Openness to Experience in scenario 1.
Authors of work presented in (Salleh et al., 2012 ) (work T2), indicated that the Openness to Experience factor can play a significant role in the academic differentiation of students in the field of pair programming. In our work, we also found a significant relationship for Opening the Experience in scenario 1.
Finally, authors of work T3 (Kanij et al., 2015) have reached the conclusion that software testers have higher levels of Conscientiousness compared to other development professionals. In our work, Conscientiousness also obtained a level of significance relevant to scenario 1 of the experiment.
After this analysis, we can observe that our findings are consistent with those found in the literature, and that there is evidence of the influence of personalities in the quality of software in the experimented environment.
Threats to Validity
Even though we have achieved satisfactory results in the experiment, we can not disregard the following threats to validity.
• Internal validity: Since the applied Big Five test had 120 questions, it is possible that the developer lost concentration at some point of the test. This was mitigated with clarification from experimenters as to the importance of focusing on each issue.
• External validity: Since in the experiment environment there were only 15 developers who satisfied the main prerequisite of the experiment (to have developed software or part of it alone, without any other developer having helped or participated in the project), the results could have changed if the number of participants was greater. The difference in complexity between the softwares was mitigated by the use of the values mean of metrics. According to work (Kanij et al., 2015) the BigFive factor characteristics are understood as a complete description of personality and are stable over a period of ten years. With this there was the concern in choosing software under 10 years.
• Construct validity: The website (Big, 2016) that had the Big Five test applied may not have been intuitive enough. This was mitigated with a thorough explanation on the site and the test questions.
CONCLUSION AND FUTURE WORKS
The objective of experiment presented in this paper was to verify if there is a relation between the psychological factors of a developer and the quality of the software they produce. The experimenters conducted a controlled experiment with 15 software developers working in an educational institution. This institution had all the necessary prerequisites for the experiment, considering that the company owns software, or parts of it, developed by a single developer. In the experiment, the experimenters collected data from Big Five psychological test of the 15 developers and collected the software metrics developed by the same 15 developers.
Through an analysis of results for collected samples, we found evidence that when we relate the Big Five factors to the software metrics, without concern for the ideal levels adopted in the literature, (see Tables 2 and 3), one can suggest that CC metric was influenced by the factors Consciousness, Neuroticism and Openness to Experience, and the CBO metric was influenced by the Extraversion, Agreeableness and Neuroticism factors. On the other hand, if there is concern about the ideal levels adopted in the literature, it is possible to suggest that the DIT metric was influenced by the Extraversion and Neuroticism factors.
One important finding is that Neuroticism factor was the only one to generate positive evidence in the two evaluated scenarios. That is, the higher the Neuroticism score, the greater the chances the developer will control Anxiety, self-awareness and anger. He/she will hardly have sign of depression and will be less vulnerable to sudden mood swings. These qualities can help the developer to improve quality of their software, at least with respect to the Cyclomatic Complexity (CC), Coupling Between Object (CBO) and Depth of Inheritance Tree(DIT) metrics.
Further studies are needed to determine any deeper connection between personality and software quality. As for future work, we suggest that the same experiment can be performed with a larger number of participants and in a different development environment, since the experiment was executed in a single geographical location.
